 Abstract-A novel chlorinated fluorescent proteins-labeling probe with a linker and reactive group was prepared in 7 steps by the reaction of resorcinol with 3, 6-dichloro-4-carboxyphthalic anhydride in the presence of methanesulfonic acid. The spectral properties and the pH dependence of the chlorinated fluorescein were studied. This fluorescent probe showed absorbance peak at 508 nm and fluorescence peak at 524 nm. It was found that it has absorption and emission maxima at long wavelengths and high fluorescence quantum yield. Structures of target compounds and intermediates were determined by IR, MS, 1 H NMR and element analysis. The fluorescence imaging of living cells showed that it was localized in cell nucleus. This probe will be a useful reagent for the preparation of stable fluorescent conjugates.
I. INTRODUCTION
Fluorescence probes are powerful tools for exploring cellular biology or other biomolecules owing to their brightness, high quantum yields, low-energy excitation and emission wavelengths, and biocompatibility. They are being sensitive, fast-responding, and capable of affording high spatial resolution via microscopic imaging [1] . Many fluorescein derivatives have been prepared and used as fluorescent detection reagents. Among many fluorescent compounds, carboxy-functionalized fluorescein is known to have a high quantum yield of fluorescence in aqueous solution and to be excitable at long wave length and it is the most widely used fluorphore for labeling and sensing biomolecules [2] . Fluorescent labeled biologically active molecules have many important analytical and biochemical applications. Carboxy-functionalized fluorescein and its derivative have functional groups that are suitable for reaction with other molecules, and can therefore serve as labels in a variety of analytical applications ranging from probing cell functions to monitoring the level of drugs in human fluids via immunoassays [3] . They are useful reagents for the preparation of hydrolytically stable fluorescent conjugates. So, they are particularly suitable for, but not limited to, biological experiments in which fluorescein is covalently attached to materies such as peptides, proteins, nucleotides, oligonucleotides, drugs, hormones, lipids, and other biomolecules [4] - [6] .
The selective substitution of chlorine for aromatic hydrogen in organic compounds results in profound changed in their photophysical properties. Therefore, it is very important to study the fluorescein derivatives substituted by chlorine [7] . Several chlorinated carboxy-functionalized fluoresceins such as 5(6)-carboxy-4, 7-dichlorofluorescein, 2', 7'-dichloro-5(6)-carboxy-4, 7-dichlorofluorescein, 4', 5'-dichloro-5(6)-carboxy-4, 7-dichlorofluorescein, and 2', 4', 5', 7'-tetrachloro-5(6)-carboxy-4, 7-dichlorofluorescein have been synthesized by our group. They were found to have absorption and emission maxima at long wavelengths and high fluorescence quantum yields [8] .
In an effort to facilitate and improve conjugations, we have added 6-aminohexanoic acid as a spacer linker between 5(6)-carboxy-4, 7-dichlorofluorescein and the reactive group. This allows us to prepare its succinimidyl ester derivative as a probe, the most amine-selective and stable reactive group for labeling proteins.
However, to our knowledge, the preparation and spectroscopic properties of this chlorinated fluorescent probe have not been reported detailedly and systematically. The present work details, for the first time, the preparation of one novel chlorinated fluorescent proteins-labeling probe. Spectroscopic properties, pH-dependence and cell imaging of this novel chlorinated fluorescent proteins-labeling probe is also described in this work.
II. EXPERIMENTAL SECTION

A. Materials and Methods
Materials: Unless mentioned otherwise, all chemicals, reagents and solvents for the synthesis of the compounds were analytically pure grade and purchased from commercial sources. All organic solvents were anhydrous grade. 3, 6-dichloro-4-carboxy-phthalic anhydride was prepared by our group.
Instrumentation: All fluorescence measurements were carried out at room temperature on a Hitachi F-4500 spectrofluorimeter equipped with a xenon lamp source and a 10 mm quartz cell. Absorption spectra were recorded on a Hitachi U-3310 UV-vis spectrophotometer using a 10 mm quartz cell.
1 H NMR spectra were recorded on a Varian Inova-400 spectrometer operating at 400 MHz using either CDCl 3 or DMSO-d 6 as solvents. MALDI-TOF mass spectra were recorded using an AXIMA-CFR™ plus mass spectrometer. For MALDI-TOF analysis, samples were prepared by dissolving in methanol and spotting 1 μL of the solution. Infrared spectra were obtained as KBr pellets on an EQUINOX-55 FTIR spectrometer.
B. Cell Culture and Cell Imaging
MC3T3-E1 murine calvarial preosteoblasts were obtained from the American Type Culture Collection. The MC3T3-E1 cells were cultured in Dulbecco's modified eagle's medium (Gibco, Grand Island, NY, USA), supplemented with 10% fetal calf serum, 1% penicillin, and 1% streptomycin at 37°C in an atmosphere of 95% oxygen and 5% CO 2 . Cells were plated at a cell density of 1×10 4 cells/well on glass coverslips placed at the bottom of 24-well plates and incubated at 37 °C (5% CO 2 ) overnight [9] , [10] .
After incubation overnight to allow the cells to attach on the plate, the culture media was discarded, and 0.1 mL of the probe solution (1×10 -5 mol/L in DMEM) was added to each well, followed by incubation at 37 °C for 45 min. The supernatant was abandoned. Then, the cells were washed gently twice with sterilized PBS to remove excess dye before plate sealing and imaging.
Images were taken using a Nikon Eclipse 80i microscope equipped for epifluorescence using the following filter sets: DAPI(Blue: DAPI channel); FITC (Oregon Green channel); For experiments that evaluated the intracellular distribution of fluorescent probes, the microscope parameters, including fluorescence intensity and exposure, were optimized for each fluorophore.
C. Preparation of Working Solutions
The 1.25×10 -3 mol L -1 sample stock solutions were prepared by dissolving the sample in methanol and further diluted with distilled water to result in 1.25×10 -5 mol L -1 stock solutions of sample containing 1% methanol. Working solutions which were used for the study of pH dependence were prepared by diluting with a series of different pH buffers. The concentration of these solutions was 5.0×10 -7 mol L -1 and the pH range of these solutions was from 3.0 to 13.0. These solutions can also be used to measure fluorescence quantum yields. All working solutions were prepared immediately before the experiment.
D. Fluorescence Properties and Fluorescence Quantum
Yields Fluorescence spectroscopic studies were performed on a Hitachi F-4500 spectrofluorimeter. The slit width was 10 nm for excitation and 5 nm for emission. The excitation wavelength was 470 nm. For determination of the fluorescence quantum yields, fluorescein in 0.1 M NaOH (Φ F =0.79) was used as a standard [11] . Fluorescence quantum yields were obtained from multiple measurements (N=3) with the following equation [12] , [13] :
where ΣF denotes integrated fluorescence intensity which is the area of the fluorescence spectrum from the fully corrected fluorescence spectra. In the equation, Abs denotes absorbance at the excitation wavelength (470nm).
The Abs was obtained from the absorption spectra.
E. Synthesis 1) Synthesis of 5(6)-carboxy-4, 7-dichlorofluorescein (1a)
The mixture of 3, 6-dichloro-4-carboxyphthalic anhydride (2.61 g, 10 mmol) and resorcinol (2.53 g, 23 mmol) in methanesulfonic acid (50 mL) was heated and stirred under nitrogen at 50 °C for 4 h then at 110 °C for 24 h. After cooling to room temperature, the mixture was poured into the ice-water. The precipitation was filtered and washed several times with 0.1 M HCl. The solid was dried in air overnight or in vacuum to constant weight. 2
) Synthesis of 6-carboxy-4, 7-dichlorofluorescein dipivalate diisopropylamine salt (2a)
5(6)-carboxy-4, 7-dichlorofluorescein (1a) (6.68 g, 15 mmol) was refluxed in trimethylacetic anhydride (28 mL) for 2 h. The reaction mixture was cooled to room temperature and diluted with tetrahydrofuran (THF 40 mL) and water (40 mL). After 2 h of vigorous stirring, ether (50 mL) was added and the aqueous layer was removed. The organic layer was washed with phosphate buffer (3×50 mL, 1.4 M, pH 7.0), aqueous HCl (50 mL, 1 M), and saturated NaCl and dried with MgSO 4 . The solvent was removed by evaporation, and resulting yellow syrup was dissolved in anhydrous ethanol (50 mL). Diisopropylamine (5.0 mL, 36 mmol) was added, and the mixture was cooed to -20°C in freezer overnight. The resulting solid was removed by filtration and washed with cold ethanol and acetone to give 4.23 g (39.5%) of compound 2a, which had a isomeric purity > 95% as determined by HPLC analysis. 1 
6) Synthesis of 4, 7-dichloro-6-(5-carboxy pentylaminocarbonyl) fluorescein (6ah)
Compound 5ah (4.36 g, 6 mmol) was dissolved in 50 mL of CH 2 Cl 2 . To the solution was added 10 mL of NH 4 OH (28%), and the mixture was stirred for 2 h. The reaction mixture was diluted with 60 mL of water. The water layer was acidified with 10% HCl to pH 2. The resulting precipitate was collected, washed with cold water (3×15 mL), and dried in vacuum to yield 2.51 g (75%) of an orange solid. 1 
7) 2.5.7 Synthesis of 6-(4, 7-dichlorofluorescein-6-carboxamido)-hexanoic acid succinimidyl ester (7ah)
To compound 6ah (2.79 g, 5 mmol) in 50 mL anhydrous dichloromethane was added anhydrous pyridine (16 mL) and N-hydroxysuccinimidyl trifluoroacetate (NHS-TFA) (8.44 g, 40 mmol) under vigorous stirring. The resultant mixture was stirred at room temperature for 6h. TLC (CHCl 3 / MeOH=5:1) was used to confirm the completion of the reaction. The mixture was washed with 4% HCl (2×100 mL) and saturated saline (2×50 mL), dried over anhydrous Na 2 SO 4 . The solvent was removed under reduced pressure, and residue was dried in vacuum to yield compound 7ah as a yellow solid. 1 
III. RESULTS AND DISCUSSION
A. Synthesis and Chemical Properties of Probes
Chlorinated fluorescent probe 7ah was synthesized according to the synthetic procedure shown in Scheme 1. In this paper, chlorinated fluorescein was synthesized by condensation of the resorcinol and 3, 6-dichloro-4-carboxyphthalic anhydride in the presence of methanesulfonic acid. Methanesulfonic acid as a catalyzer was reported in many references. It was found that methanesulfonic acid served as both a Lewis acid catalyst and a suitable solvent in the dye-forming reaction. The high yield was obtained by gradual increase of temperature. The better procedure was that the reaction mixture was warmed and stirred under nitrogen at 50 °C for 4 h then at 110 °C for 24 h.
The literature [3] reported that the 5(6)-isomers can be separated at this point by selective crystallization of the 6-isomer as its diisopropylamine salt from ethanol, and the 5-isomer can be recovered from the supernatant and recrystallized from nitromethane. We successfully separated the 6-isomer as its diisopropylamine salt from ethanol. However, we were never successful in obtaining the 5-isomer in pure form via this route.
When carboxyfluorescein was refluxed in pivalic anhydride, make sure it was completely converted to its dipivalae. Reflux time should be more than two hours and the pivalic anhydride should be overdose. After diisopropylamine was added, the mixture should be
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2013 Engineering and Technology Publishing shaken several times and then the mixture was cooed to -20 °C in freezer overnight. Small-scale test showed that the solubility of 5-isomer carboxy fluorescein diisopropylamine salt is much better in ethanol at room temperature than 6-isomer. If the 6-isomer carboxyfluorescein diisopropylamine salt is not very pure, pure 6-isomer can be afforded by the treatment of it with ethanol (sonicated for 10 min) several times. N-hydroxysuccinimide (NHS) esters are among the most commonly used reagents for modification of amine groups. These reagents have intermediate reactivity toward amines, with high selectivity toward aliphatic amines. However, their reaction rate with aromatic amines, phenols (tyrosine), alcohols, and histidine is relatively low [14] . In this work, our chlorinated fluorescent probes were designed by introducing N-hydroxysuccinimide as reactive group, which is the most amine-selective and stable reactive group for labeling proteins, peptides, and other amines. The aliphatic amide products are very stable, which are formed by reacting NHS ester of the probe with the terminal amine group. Although the NHS esters are slowly hydrolyzed by water, they are stable to storage if kept well desiccated. Virtually any molecule that contains a carboxylic acid or that can be chemically modified to contain a carboxylic acid can be converted into its NHS ester, making these reagents among the most powerful protein-modification reagents available.
B. Spectral Properties of 7ah
The wavelength of fluorescence emission maxima, the wavelength of fluorescence excitation maxima, the wavelength of absorption maxima, Stokes shift, fluorescence quantum yields and molar extinction coefficient are summarized in Table I for this probe. It fluorescence maxima was located at 524 nm. Fluorescent quantum yield for this compound was reasonably high for the fluorescent probe.
The chlorine fluorescein structure can be divided into two parts, the benzene moiety and the fluorophore. Compounds 1a, 6ah and 7ah, which have the same fluorophore but different benzene moieties, almost had the same Ex/Em maximum (See Table I and Fig. 1 ). The structure of fluorophore played an important role in fluorescent excitation and emission spectra. However, the benzene moiety almost had no effect on excitation and emission. Excitation and emission spectra of compounds 1a, 6ah and 7ah. Concentration of all solutions was 5.0×10 -7 mol L -1 .
C. pH-Dependent Fluorescence Studies
As shown in Fig. 2 , the fluorescence intensity of 6-(4, 7-dichlorofluorescein-6-carboxamido)-hexanoic acid succinimidyl ester (7ah) at the same concentration was increased with the increase of the pH value. The relationship between pH value and fluorescence intensity was shown in Fig. 3. From Fig. 3 , under the condition of
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2013 Engineering and Technology Publishing pH<3.0, the fluorescence intensity was very low and compound 7ah almost had no fluorescence. When pH value was 7.0, the fluorescence intensity reached the maximum. And the fluorescence intensity wouldn't change when pH value was still increased. Therefore, the compounds 7ah was strongly pH depended between 3.0 and 7.0. The pH-sensitive range of all compounds was from 3.0 to 7.0. This was why they can be chosen for low pH environment assays. As reported in reference, in aqueous solution, fluorescein can exist in cationic, neutral, anionic and dianionic forms, making its absorption and fluorescence properties strongly pH dependent [1] . 
D. Cell Imaging
We chose compound 7ah for labeling experiments. We incubated the living MC3T3-E1 cells grown on a coverslip with 7ah at 25°C for 45 min. Fig. 4 showed that the probe is localized in the nucleus. This was attributed to the fact that the probe dye attached on the cell membrane was taken up by the MC3T3-E1 cells and transferred into the cell nucleus, while the cells maintain their characteristic nematomorphic morphology and well-spread pattern. These observations further indicated that the incubation of MC3T3-E1 cells with the fluorescent 7ah causes almost no harmful effect to the essential activities of MC3T3-E1 cells, such as cell attachment and spread. This indicated that these chlorinate fluorescent dyes could be a favorable intercellular imaging probe with the ability of cell penetration. 
IV. CONCLUSIONS
In this paper, we have synthesized one novel chlorinated fluorescent proteins-labeling probe with a linker and reactive group in 7 steps. The spectral properties of the chlorinated fluoresceins were studied in detail.
The fluorescent probe showed absorbance peaks at 508 nm and emission peaks at 524 nm with high quantum yields. The pH dependence of chlorinated fluoresceins was also studied in detail. They could be used as pH probes for low pH environment assays. The probe was used for fluorescence imaging of cells in order to investigate whether they can conjugate to cells. The fluorescence imaging of living cells showed that the probe is localized in cell nucleus. This probe will be an useful reagent for the preparation of stable fluorescent conjugates.
